Introduction
Chlordane was once used in large quantities for termite control in Japan, but a law prohibiting their manufacture, import and use was implemented in September 1986. However, chlordanes (cis-chlordane, trans-chlordane, cis-nonachlor, trans-nonachlor and oxychlordane) are extremely stable chemically and only slowly decompose; their half lives in the environment are estimated to be chlordanes also contaminate fishes, shellfishes and various other foods through the food chain in the ecological system2)
In order to elucidate the behavior of chlordanes taken into the body via foods, we studied the tissue distribution and clearance of cis-chlordane and trans-chlordane, which are major components of technical chlordane, in mice. The results are described below. Methods 
Animals and treatment
Four-week-old male ICR strain mice (Shizuoka Agricaltural Cooperative Association for Laboratory used for the test. During the experiment, animals were given food (pellets: Oriental Yeast Co.) and water ad libitum. The dose levels of two congeners were based on the data that the oral LD50 value was 430mg/kg for technical chlordane in mice3). A 7.8ml solution obtained by dissolving 53.1mg of cis-chlordane and 53.0mg of trans-chlordane in salad oil (6.8mg/ml for each of the congeners) was used for the test. The 0.1ml solution was orally administered to mice using a stomach tube (20mg/kg each of the congeners). On days 1, 2 and 4 and in weeks 1, 2, 4, 8, 12, 20, 28 and 52 after dosing, blood samples were collected from the femoral artery in six animals. After exsanguination by decapitation, liver, kidney, spleen, muscle, brain and mesenteric adipose (after the 8th week) were excised and rinsed in cold normal saline. These were used as the samples for analysis.
Reagents
Cis-chlordane and trans-chlordane were purchased from Wako Pure Chemical Co., and oxychlordane was supplied by Velsicol Pacific Limited. For other reagents, products from Wako Pure Chemical Co. of pesticide-residue-analysis grade or reagent grade were used. 3. Analytical procedure Analysis was performed according to the method of analysis for chlordanes specified in Official Methods of Analysis of The Association of Cfficial Analytical Chemists4).
i) Extraction The sample was stirred in 40ml of acetone for 1min at 24,000 r. p. m. using an ULTRA-TIJRRAX homogenizer (Janke & Kunkel Co.). To the resultant mixture was further added 60ml of hexane, and it was stirred under the same conditions to extract chlordanes. The residue was re-extracted with 50 ml of hexane. The extracts were combined, washed with 70ml of 5% NaCl solution, dehydrated with or below using a rotary evaporator. ii) Acetonitrile partitioning As for the adipose tissue and liver, the concentrate obtained using procedure i) was transferred to a 100ml separatory funnel, after which hexane was added to make the total volume 15ml. It was then extracted three times by shaking with 30ml of acetonitrile saturated with hexane. The acetonitrile extracts were combined and washed with 20ml of hexane saturated with acetonitrile. The washing liquid was washed with 30ml of acetonitrile saturated with hexane. The washings and the extracts were combined and concentrated to about 0.5ml under reduced pressure. The concentrate was dissolved in 10ml of hexane.
iii) Florisil cleanup least 16 hours and then cooled in a desiccator) using the wet method with hexane, and about 8g of anhydrous Na2SO4 was further superimposed on this column. The concentrates obtained through procedures i) and ii) were charged in the above column, and chlordanes were eluted with 200ml of hexane containing rotary evaporator, and further concentrated to 1ml in a stream of nitrogen. This was used as the test solution. iv) Apparatus A Hitachi M-80 was used for MS analysis and a Hitachi M-003 was used for the data system. v) Conditions for GC-MS (SIM) measurement separator; ionization voltage, 20eV. Ions measured by SIM (m/z) were 375 for cis-chlordane, 375 for trans-chlordane and 389 for oxychlordane.
Results and Discussion
Tissue distribution of the administered congeners
The concentrations of cis-and trans-chlordanes in the tissues reached the maximum on day 1 after concentrations on day 4 after dosing became 1/83 (muscle), 1/8 (liver), 1/17 (kidney), 1/8 (brain) and 1/7 (blood) of the values on day 1. The cis-chlordane in the spleen disappeared completely by day 4 after dosing. Complete elimination of the congener was observed on day 7 in blood, on day 14 in muscle, kidney and brain, and on day 28 in the liver. The metabolic fate of trans-chlordane in the tissues was also similar to that of cis-chlordane ( Fig. concentration on day 4 decreased to 1/56 (muscle), 1/6 (liver), 1/12 (kidney), 1/5 (brain) and 1/5 (blood) of the corresponding concentrations on day 1. Trans-chlordane in the spleen disappeared totally by day 4 after dosing, and it was not detectable in the blood on day 7 or in muscle, liver, kidney and brain on day 14. Of the in vivo behaviors of cis-and trans-chlordanes, the data concerning excretion have been described in detail. However, data on the tissue accumulations of these congeners have seldom been present study.
The rate of decrease of cis-and trans-chlordane in various tissues was rapid, and no difference in the half life in the tissues was observed between the two ( Table 1 ). The half life of cis-chlordane was shortest in the spleen (0.6 day) and longest in the brain (1.9 days) . The values for other tissues ranged from 1 to 1.5 days. As for trans-chlordane, its half life was shortest in the spleen (0.5 day) and longest in the liver (2 days). The values for other tissues ranged from 1 to 1.5 days. Thus the half life of the congeners was different between tissues, while the values for the two congeners obtained from each tissue were similar.
Barnett et al8) reported that when a single dose of cis-/traps-chlordane (3:1) labelled with 14C was orally administered to rats, 70% of cis-chlordane and 60% of trans-chlordane were excreted by 24 hours after dosing, and more than 90% of both congeners were excreted by day 7. The results of the present study conducted at a higher dose agreed well with those of their report.
As Trans-chlordane is known to be metabolized to oxychlordane more easily than cis-chlordane is. Loss of oxychlordan e from the tissues was extremely slow (Table 2) , and it of the concentrations on day 1 (day 2 for the liver) after dosing even in week 4, when the administered congeners had disappeared from all the tissues. The ratio of hand, no splenic concentration of the metabolite was detected in week 8 or later.
In the adipose tissue examined the regression curves for oxychlordane were diphasic at week 4 for the muscle, week 8 for the liver and brain, and week 12 for the kidney and blood. The half-life values obtained from these curves are shown in Table 3 . The half Table 1 Half lives of two congeners in mouse tissues after a single oral administration of a cis-and trans-chlordane mixture Table 2 Relative distribution of oxychlordane found in mouse tissues after a single oral administration of a cis-and trans-chlordane mixture (%) Table 3 Half life of oxychlordane in mouse tissues after a single oral administration of a cis-and trans-chlordane mixture When cis-chlordane and trans-chlordane, major constituents of the technical chlordane used for termite control, were orally administered to mice, they tended to be concentrated in muscle in the body. Clearance from the body was comparatively rapid, and its half life was estimated to be 2 days for liver and brain. It was indicated that cis-chlordane accumulates in several tissues with higher concentrations than traps-chlordane. Both of the congeners were rapidly metabolized in the body to form oxychlordane. This metabolite was liable to accumulate in the liver, and its elimination rate from various tissues was extremely slow. Although the half life of oxychlordane was more or less dependent on the tissues, its by 42 times (417 days) in the exceptional case of muscle.
Several reports have been published on in vivo behaviors of cis-, trans-chlordane and their metabolite, oxychlordane. However, the details concerning their regression curves and half life in various tissues are unknown because of insufficient analytical data. The present study revealed the diphasic character (oxychlordane) of the regression curve for each tissue and the half life for each phase, and elucidated the detailed in vivo distribution and concentration changes of cis-, trans-chlordane and their metabolite, oxychlordane.
Based on the above data, it is assumed that cis-chlordane and trans-chlordane ingested via fishes and meats by humans are quickly metabolized to oxychlordane, which accumulates in the adipose tissue and other tissues over a prolonged period of time. Since oxychlordane, being highly accumulative, is more toxic than cis-chlordane or trans-chlordane11), it is necessary to study in more detail the in vivo behavior of oxychlordane, for instance at lower doses.
Summary
A single dose of a cis-chlordane and trans-chlordane mixture (1:1) was orally administered to mice (total dose: 40mg/kg), and the metabolic fate of the two congeners administered and their major metabolite, oxychlordane, in various tissues, was studied from day 1 after dosing to week 52. Cis-chlordane and trans-chlordane showed the highest concentrations on day 1 after dosing, and disappeared on day 14 except in the liver. The half life in the tissues was approximately one day for both congeners. On the other hand, oxychlordane was observed in various tissues from day 1 after dosing, reaching the maximum concentration on day 1 or 2 showing considerably higher concentrations than those of the congeners. The rate of decrease of oxychlordane in the tissues was extremely slow compared to the congeners. It was found that oxychlordane remained in the tissues even in week 52 (year 1) after dosing. The regression curve for the tissue oxychlordane concentration was diphasic after or at around week 8 after dosing; the half life was approximately 20 days in the first phase and was prolonged to over 100 days in the second phase. These results suggest that the cis-chlordane and trans-chlordane taken into the human body via foods disappear rapidly from the tissues but that oxychlordane, their metabolite, remains in the body over a prolonged period of time.
